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Significant ion/electron heating of magnetic reconnection up to 1.2 keV was documented in two
spherical tokamak plasma merging experiment on MAST with the significantly large Reynolds
number R105. Measured 1D/2D contours of ion and electron temperatures reveal clearly energy-
conversion mechanisms of magnetic reconnection: huge outflow heating of ions in the down-
stream and localized heating of electrons at the X-point. Ions are accelerated up to the order of
poloidal Alfven speed in the reconnection outflow region and are thermalized by fast shock-like
density pileups formed in the downstreams, in agreement with recent solar satellite observations
and PIC simulation results. The magnetic reconnection efficiently converts the reconnecting
(poloidal) magnetic energy mostly into ion thermal energy through the outflow, causing the recon-
nection heating energy proportional to square of the reconnecting (poloidal) magnetic field
Brec
2  Bp2. The guide toroidal field Bt does not affect the bulk heating of ions and electrons,
probably because the reconnection/outflow speeds are determined mostly by the external driven
inflow by the help of another fast reconnection mechanism: intermittent sheet ejection. The local-
ized electron heating at the X-point increases sharply with the guide toroidal field Bt, probably
because the toroidal field increases electron confinement and acceleration length along the X-line.
2D measurements of magnetic field and temperatures in the TS-3 tokamak merging experiment
also reveal the detailed reconnection heating mechanisms mentioned above. The high-power
heating of tokamak merging is useful not only for laboratory study of reconnection but also for
economical startup and heating of tokamak plasmas. The MAST/TS-3 tokamak merging with
Bp> 0.4 T will enables us to heat the plasma to the alpha heating regime: Ti> 5 keV without using
any additional heating facility.VC 2015 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4920944]
I. INTRODUCTION
The high-power reconnection heating of torus plasmas
has been studied in TS-3 (Tokyo University Spherical Torus
No.3) merging experiment as their promising solenoid (CS)-
less startup and heating.1–3 As shown in Fig. 1, two torus
plasmas axially merge together, forming a current sheet
around the X-point. We already observed that the reconnec-
tion heat mostly plasma ions up to 200 eV within short
reconnection time, increasing the plasma beta of torus plas-
mas to 20–30%.1–3
Since 1985, this idea has been developed by a series of
torus plasma merging experiments of University of Tokyo:
TS-3,1–7 TS-4,8,9 and UTST (University of Tokyo Spherical
Tokamak).10
As shown in Figs. 2(a)–2(c), two toroidal plasmas (STs)
with major radii 0.2m (TS-3), 0.5m (TS-4), and
0.45m (UTST) were merged together in the axial direction
by magnetic compression provided by two PF and accelera-
tion coils. The TS-3 and TS-4 experiments explored the
merging startup of ST plasmas and compact torus (CT) plas-
mas for high-power reconnection heating/ramp-up without
using any center-solenoid (CS) coil.1–10 The TS-3 and TS-4
also produced an FRC (Field-Reversed Configuration) using
two merging spheromak plasmas with opposing toroidal
fields.2,8,9
Since 1990, the merging compression of two ST plas-
mas has been demonstrated also in the START device.11 Its
successful experiment with neutral beam (NB) heating was
up-scaled to the first Mega Ampere ST experiment:
MAST12 shown in Fig. 2. Its merging operation has been
used to increase poloidal flux provided by the thin center
solenoid coil, and is now the highest B-field reconnection
experiment under the highest Reynolds number >104. It is
noted that the plasma merging operation in MAST has the
highest plasma heating power among all laboratory recon-
nection experiments.
The counter-helicity merging of two spheromaks is
now used widely in TS-3 and 4, MRX,13,14 SSX,15
Colorado FRC16 for slow formation of oblate FRC.
Recently, high speed merging of two CT plasmas was
used for formation and heating of largest-class FRC in
the C-2 experiment.17
a)Paper NI2 3, Bull. Am. Phys. Soc. 59, 194 (2014).
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In the solar satellite observations, the Ca XVII line
width of coronal loop-top was measured by the Hinode
satellite.18 The line-width image suggests a significant
increase in ion temperature. This configuration directly
causes high power plasma heating and its multiple accelera-
tions are considered to produce high-energy non-thermal
particles up to GeV.20 The satellites for magnetosphere ob-
servation such as “Geotail,” “Cluster,” and “MMS” have
measured directly the velocity distributions of ions and
electrons caused by the reconnections. The ion tempera-
tures tend to be higher than the electron temperatures, pos-
sibly due to the effect of reconnection.
An important question is how the magnetic reconnection
transforms the magnetic energy of merging STs into the ther-
mal energy of the produced ST. We measured for the first
time detailed profile of plasma velocity together with those
of ion temperature Ti, electron density ne, and magnetic filed
B in order to study the conversion mechanisms of reconnec-
tion from magnetic energy to ion and electron thermal
energies.
II. EXPERIMENTAL SETUPS
The TS-3 device has been used to study the merging/
reconnection startup for high-beta torus plasma.1–10 As
shown in Fig. 2(a), its cylindrical vacuum vessel with
length of 1m and diameter of 0.8m has two poloidal field
(PF) coils for poloidal flux injection in order to merge two
torus plasmas with R 0.2m and R/a 1.5 together in the
axial direction. Each merging toroid initially has the plasma
parameters: TiTe 10 eV, ne 1–8 1019m3 and B
 0.05T. The center toroidal coil is used to apply external
toroidal field to the merging torus plasmas. Their merging/
reconnection process is caused mainly by attractive force
between their parallel toroidal plasma currents. It is accel-
erated by magnetic pressures of the PF coil currents and
decelerated by those of the separation coil currents on the
midplane.
Nine thin arrays of magnetic pickup coils were inserted
in the R-Z plane of the vessel for the purpose of measuring
directly the 2D magnetic field profile. Their maximum spa-
tial resolution is 5mm in the axial direction and 3 cm in the
radial direction. The poloidal flux contours, 2D profiles of
current density and plasma pressure are calculated from the
measured 2D magnetic field profiles. As shown in Fig. 3, a
1m polychromator with an optical multi-channel analyzer
FIG. 2. (a) A photo and a cross-section of TS-3 merging devices with PF and separation coils, (b) those of TS-4 merging device with fluxcores, separation and
acceleration coils and (c) those of UTST merging device with external PF, separation and acceleration coils. The 0.8MW and 0.7MW pulsed NBI systems are
installed on TS-4 and UTST, respectively.
FIG. 1. Two merging torus plasmas and their X-point region with current
sheet, inflow and outflows.
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(OMA) was used to measure 2D profiles of ion temperature
Ti by means of the Doppler widths of helium and carbon im-
purity lines.3,21 We used the Abel inversion to transform the
measured line-integrated plasma emissivity of HeII line to
local one at each wavelength, deducing 2D ion temperature
profile in the R-Z plane. We also used a Doppler probe to
measure the local Doppler shift and broadening of HeII line
for local ion velocity and temperature measurements. A 1-D
Mach probe array and electrostatic probe array are scanned
on the R-Z plane to measure 2D profiles of plasma flow vec-
tor v¼ (vr, vz), electron density ne and temperature Te.
The upgraded reconnection heating experiment was
made in one of the world-largest ST devices: MAST, based
on UK-Japan collaboration of magnetic reconnection. As
shown in Fig. 4, the MAST device has the major radius
R 0.9m and the reconnecting magnetic field  poloidal
magnetic field 0.15 T, which are four and three times large
than those of TS-3. Two merging ST plasmas are produced
by the induction of two or four internal poloidal field coil
and are merged together under the high guide field. Since its
plasma temperature is too high for probe insertion, its major
plasma diagnostics are composed of the 130-channel YAG
Thomson scattering system for 1D electron temperature Te
and density ne measurements on the midplane, the 32-
channel ion Doppler system for 1D Ti measurement, the neu-
tral particle analyser (NPA) for bulk Ti measurement and the
high-speed camera and Mirnov coils for plasma shape mea-
surement. The Doppler ion temperature measurement system
composed of optical fibers and polychromator with CCD
camera was installed for this reconnection heating experi-
ment based on the UK-Japan collaboration. The same Abel
inversion technique was used to transform the line-integrated
plasma emissivity—mainly CVI lines to local one at each
wavelength for 1D Ti and ne measurements.
III. EXPERIMENTAL RESULTS
A. High power heating of magnetic reconnection
When we merge two ST plasmas in TS-3 device (Fig. 5(a)),
we observe significant ion heating in the downstream and
electron heating around the X-point. Figure 5(b) shows R-Z
contours of poloidal magnetic flux during the merging of
two high-q ST plasmas with Brec 0.04 T under center coil
current Itfc¼ 35 kA (Bt 5Brec). The magnetic reconnection
occurs from t¼ 45 ls to t¼ 55 ls. Figures 5(d) and 5(e)
show 2D contours of ion and electron temperatures, which
are measured inside the red and blue squares of Fig. 5(b),
respectively. The ion temperature peaks around the two
downstream positions, while the electron temperature peaks
at the reconnection (X) point. The most probable interpreta-
tion of the ion heating is as follows: the reconnection outflow
accelerates plasma ions to the order of the poloidal Alfven
speed and the accelerated ions collide with the reconnecting
field lines, forming a fast-shock-like pileup and the ions ther-
malized by the pileup and ion viscosity, forms two hot ion
spots in the downstreams. On the other hand, the electron
temperature profile peaks at the X-point probably due to
ohmic heating effect of sheet current. However, its peaking
is sharper than that of ohmic heating power of sheet current,
suggesting the non-thermal toroidal acceleration of electrons
by the induced electric field of reconnection.
Next question is how those ion and electron heating
characteristics change, if we increase the poloidal magnetic
field to 0.08 T in the MAST merging experiment. This 0.08 T
operation was recently used for low mechanical stress on the
old coils of MAST device. Figure 6 shows radial profiles of
ion temperature Ti of two merging STs on the midplane,
which were measured by the 32channel Doppler broadening
measurement of CVI line. It clearly indicates the significant
ion heating in two downstream areas, just like Fig. 5(d). The
reconnection of Bp 0.08 T increases ion temperature to
FIG. 3. 35 channel Doppler spectrometer system and its viewing lines for
2-D ion temperature measurement in the R-Z plane.
FIG. 4. A cross-section of MAST device with PF coils and Ti and Te diag-
nostics (top) and machine parameters of MAST, TS-4 and TS-3 merging
devices (bottom).
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0.25 keV during reconnection (around t¼ 15.3ms) and starts
decreasing after completion of merging/reconnection
(around t¼ 20.6ms). It is noted that another peak of Ti
appears at around R 0.56m in the late reconnection phase.
It is probably due to ion-electron energy relaxation around
X-point. The electron temperature tends to peak at X-point
during the reconnection. Figures 7 show radial profiles of
electron temperature Te and density ne of two merging ST
plasmas in the Brec¼ 0.12 T operation of MAST experiment.
They were measured by the 130-channel YAG Thomson
scattering system. It is noted that the electron temperature
peaks very sharply at the X-point. The half width of Te
profile is as small as 2 cm at t¼ 5.2ms. The peaking of Te
profile in TS-3 (Fig. 5(e)) is not so sharp as that in MAST,
probably because the magnetic Reynolds number of MAST
experiment 104–105 is two order higher than that of
FIG. 5. (a) Schematic of ST plasma
merging with high toroidal field
(Bt 5Brec), (b) R-Z contours of poloi-
dal magnetic flux, (c) radial profiles of
toroidal magnetic field Bt, (d) R-Z con-
tours of ion temperature Ti by 2D
Doppler broadening measurement, (e)
R-Z contours of electron temperature
Te by 2D electrostatic probe measure-
ment and (f) R-Z vector plots of
plasma flow measured by scan of 1-D
Mach-probe array in TS-3 ST merging
experiment.
FIG. 6. Radial profiles of ion temperatures Ti at t¼ 15.3ms and at
t¼ 20.6ms during magnetic reconnection of two high-q tokamak plasmas in
the Brec 0.08 T merging experiment of MAST. They were measured by the
32 channel Doppler broadening measurement of CVI line.
FIG. 7. Radial profiles of electron temperature Te, and electron density
ne of merging high-q tokamak in the Brec 0.12T merging experiment
of MAST. Each color curve was measured at every 0.1ms from 5.3ms
to 5.9ms. They were measured by the 130-channel YAG Thomson scat-
tering system.
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TS-3 103. Radiation loss of low Z impurity tends to
smooth out the Te profile in the low Te experiment of TS-3.
B. Formation of shock-like pileup
A new finding in both experiments is that the reconnec-
tion outflow decreases abruptly at shock-like plasma pile-
ups in the down-stream of reconnection. In TS-3, the 2-D
profile of velocity vector (vr, vz) was measured using two-
component Mach probe array. Its spatial resolution is as
small as 0.8–1 cm, which is 1/4 of thickness of the current
sheet. Figure 5(f) show an R-Z vector plot of plasma velocity
at t¼ 50 ls during the reconnection/ merging of two ST plas-
mas. It clearly indicates slow bi-directional inflow and fast
bi-directional outflow around the current sheet, in agreement
with the typical reconnection model like the Sweet-Parker. It
is noted that the bi-directional outflow velocity abruptly
decreases to 1/3 at R¼ 12–13 cm and also at R¼ 20–22 cm
at about t¼ 50 ls. Its outflow speed 30 km/s is close to the
maximum measurable velocity–ion sound velocity by Mach
probes. This sharp decrease in radial velocity is consistent
with fast shock dumping of outflow reported in the Hinode
observations of solar coronas.18,19
C. Mechanism for the reconnection heating
An important question is how the plasma ions are heated
in the downstream. Figures 8(c)–8(g) show axial profile of
radial ion flow vr, radial profiles of ion temperature Ti, radial
flow vr, electron density ne, and magnetic field amplitude jBj
of merging high-q STs (Itfc¼ 35 kA) at t¼ 50ls during the
reconnection in TS-3. Figures 8(c)–8(e) were measured by
the Doppler probe and (f) and (g) by electrostatic probe and
magnetic probe, respectively. Figure 8(e) clearly indicates
the bi-directional reconnection outflow whose maximum
speed: 50 km/s is 80% of the poloidal Alfven speed. This
fact agrees well with the Sweet-Parker model.
Another question is whether the fast shock-like pileup is
formed in the downstream in agreement with the abrupt
decrease in plasma flow observed in Fig. 5. The merging
starts at t¼ 45 ls and completes at t¼ 55 ls. It is noted that
both of ne and jBj change abruptly at two downstream posi-
tions where the outflow velocity vr dumps. The outflow is
observed to dump abruptly around two downstream points,
where large increases in Ti, ne, and jBj are observed. The
dumping ratios of vr, Ti, ne, and jBj almost satisfy the follow-
ing Rankine-Hugoniot equation for fast shock:
n1=n2 ¼ jB1j=jB2j ¼ v2=v1  2 3; (1)
where the suffixes 1 and 2 indicate positions before and after
the shock front. This fact indicates that the accelerated ions
are thermalized at the two downstream areas probably
through the fast shock-like pileup of plasma, maybe together
with ion viscosity. As shown in the large error bars of ne and
jBj (five shot average) around the two positions: R 13 cm
and R 22 cm, the fast shock position moves within 2 cm at
each discharge. When we used pairs of triple probes whose
separation length is as short as 5mm, we successfully meas-
ured the sharp jump of electron density at around R 13 cm
and R 21 cm,21 in agreement with Figs. 5(d)–5(f). The
shock-like pileup and ion viscosity are the most probable
dumping mechanisms for accelerated ions in the two down-
stream regions. The potions of shock-like pileups agree well
with the two hot Ti regions observed in Fig. 8(d). This sharp
decrease in radial velocity is consistent with fast shock
dumping of outflow reported in Hinode observations of solar
coronas.18
A similar shock-like pileup is also observed in the
MAST ST merging experiment. Figure 7(bottom) clearly
shows the double peak profile of ne around t¼ 5.7ms during
reconnection. The steep ne jump is formed at t¼ 5.4ms and
propagates to the downstream. The ne jump in the inner side
is maintained longer than that in the outer side, probably due
to the toroidal effect of density pileup. In the present MAST
merging experiment, we need internal magnetic probe mea-
surement to compare its reconnection with the Sweet-Parker
model.
D. Energy flow during reconnection
After the merging is over, the heated ions are confined
inside the produced new ST plasmas, because the heated
ions in the downstream and the heated electrons in the
current sheet are surrounded by the thick layer of closed
(reconnected) magnetic flux. The energy loss during the
merging formation is much lower than 10% of the heated
ions. Figure 9 shows the energy flow during magnetic recon-
nection with guide field Bt 5Brec and that during reconnec-
tion with Bt 0 in TS-3. The former was obtained by
merging of two high-q STs and the latter by merging of two
FIG. 8. (a) Schematic of ST plasma merging under high toroidal field
(Bt 5Brec), (b) R-Z contours of poloidal magnetic flux, (c) axial profile of
radial ion flow (d), (e) radial profiles of ion temperature Ti and radial flow
vr, measured by the Doppler probe and (f), (g) radial profiles of electron den-
sity ne measured by 1D electrostatic probe and magnetic field amplitude jBj
of merging high-q tokamak (Itfc¼ 35 kA) in TS-3. (b)-(g) are obtained at
t¼ 50ls during the reconnection.
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spheromaks with opposing toroidal field.2,3 In both cases,
about 90% of the dissipated magnetic energies are converted
to ion thermal energy probably through the reconnection out-
flow. The current sheet dissipation, whose 70% is converted
into electron thermal energy is as small as 10% of the total
magnetic energy dissipation in both cases. The guide field
does not affect the energy flow during magnetic reconnection
in our present merging/ reconnection experiments. In TS-3,
the guide field reconnection transforms about 90% and 10%
of the dissipated magnetic energy into ion and electron ther-
mal/kinetic energies, respectively.
Figure 10 shows the time evolutions of bulk ion and
electron temperatures Ti,bulk, Te,bulk, and peak electron tem-
perature Te,peak, of merging ST plasma in the Brec¼ 0.15T
(high poloidal field) merging experiment of MAST. It is
noted that the reconnection heat bulk ions to 1.2 keV within
short reconnection time srec 10ms. On the other hand, the
reconnection heats bulk electrons to 0.1 keV, which is one
order smaller than Ti,bulk. The reconnection is observed to
heat electron temperature to 0.4 keV locally around X-point
probably due to ohmic heating/acceleration of electrons by
reconnection electric field, but its energy is quite small due
to small volume of the X-point area. If we assume effect of
ion and electron transport effect is not large due to the high
magnetic Reynolds number, the guide field reconnection in
MAST transforms about 90% and 10% of the dissipated
magnetic energy into ion and electron thermal/kinetic ener-
gies, in rough agreement with the TS-3 result mentioned
above.
E. Effect of guide field for the reconnection heating
Next question is how the guide field Bt–unreconnected
magnetic field component affects the reconnection heating of
ions and electrons. Figure 11 shows time evolutions of ion
temperatures of merging ST plasmas with three different
guide field (toroidal magnetic field) Bt¼ 0.38 T, 0.44 T, and
0.5 T during the Brec¼ 0.15 T merging operation of two ST
plasmas. They are measured by the neutral particle analyser
(NPA) on the midplane. It indicates that all three cases of ion
temperatures increase to 1 keV within short reconnection
time of 10ms. We cannot find any dependence of the ion
heating on the guide field Bt.
On the other hand, we found strong dependence of peak
electron temperature Te,peak at X-point on the guide field Bt,
but the bulk electron temperature Te,bulk does not depend on
Bt. Figure 12 shows radial profiles of electron temperatures
of merging ST plasmas with three guide field Bt¼ 0.38 T,
0.44 T, and 0.5 T during the Brec¼ 0.15 T merging operation
of two ST plasmas. It clearly indicates the strong dependence
of peak electron temperature on the guide field. It is probably
because the toroidal field increases electron energy confine-
ment as well as electron acceleration length along the X-line
by toroidal reconnection electric field.
The Bt dependence of heating in MAST is qualitatively
constant with that observed in recent TS-3 reconnection
experiment with varied guide field Bt. Figures 13(a) and
13(b) show reconnection rate and ion temperatures before
and after the reconnection as a function of the guide field Bt.
Before the current sheet is ejected from the X-point region,
the black curve represents their dependences on Bt.
Anomalous resistivity of the current sheet or fast reconnec-
tion is turned on when the current sheet is compressed thin-
ner than ion gyroradius. Since the ion gyroradius increases
FIG. 9. Energy flows from magnetic energy to ion and electron thermal
energies during magnetic reconnection with and without guide (toroidal)
magnetic field in TS-3 merging tokamak and spheromak experiments.
FIG. 10. Time evolutions of bulk ion temperature Ti,bulk measured by NPA,
bulk and peak electron temperatures Te,bulk and Te,peak measured by
Thomson scattering in the Brec¼ 0.15 T merging experiment of MAST.
FIG. 11. Time evolutions of line-averaged ion temperatures Ti of merging
high-q tokamak plasmas with three guide field Bt¼ 0.38, 0.44, and 0.50 T in
the Brec¼ 0.15 T merging experiment of MAST.
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inversely with the guide field, low Bt reconnection and heat-
ing are faster and higher than those of high Bt reconnection.
However, if we keep driving the constant inflow flux larger
than the outflow flux, the plasma and flux tend to pileup
inside the current sheet, increasing the size of current sheet,
as shown in Fig. 13(c). When the sheet size exceeds the
threshold value, the whole current sheet is ejected from the
X-point area. The sheet ejection is observed to increase sig-
nificantly and transiently the reconnection speed as well as
ion temperature in the downstream. Finally, dependence of
reconnection speed and ion heating depend weakly on Bt, as
shown in the red curve in Figs. 13(a) and 13(b). The men-
tioned mechanism for the sheet ejection is shown in Fig.
13(d). Both of MAST and TS-3 results agree that the major
reconnection heating: outflow heating of ions does not or lit-
tle depends on the guide field Bt.
F. Scaling for the reconnection heating
Finally, Fig. 14 shows dependence of ion temperature
increment DTi on the reconnecting magnetic field amplitude
BrecBp. Since the plasma density is set approximately con-
stant (with constant density ni 2 1019m3), the ion tem-
perature increment DTi (DTe) is almost proportional to the
heating energy of reconnection. Since dependence of the
guide field on the bulk heating is quite weak, the TS-3 data
in Fig. 14 clearly indicate that DTi and the reconnection heat-
ing energy scale with the square of reconnecting (poloidal)
magnetic field Brec
2. Recently, the new MAST reconnection
experiment documented the highest ion and electron temper-
atures 1.2 keV. It is noted that their data agree well with
the same scaling line, as shown in Fig. 14.21 The observed
Brec
2-scaling can be explained by ions accelerated to Alfven
speed Brec/(m0mini)
1/2. Since the ion velocity increases with
BrecBp, the reconnection heating energy should scale with
Brec
2. The reconnection outflow and shock-like dumping
quickly produce MW-class (4–10MW and 8–15MW in
TS-3 and MAST tokamak merging experiments, respec-
tively) of ion heating power based on the Bp
2-scaling. If we
increase the poloidal field over 0.5 T, we have a good possi-
bility to increase ion temperature over 10 keV, realizing the
burning plasma without using any additional heating facility
like neutral beam injection.
FIG. 12. Radial profiles of electron temperatures, electron density and elec-
tron pressure for three guide fields Bt¼ 0.38, 0.44, and 0.50 T in the
Brec¼ 0.15 T merging experiment of MAST.
FIG. 13. (a) and (b) Reconnection rate
and ion temperature before and after
reconnection as a function of guide
field Bt in TS-3 ST merging experi-
ment. The dependence changes from
the black curve to the red curve after
current sheet ejection. (c) R-Z contour
of poloidal flux and toroidal current
density (by red and blue color) during
the sheet ejection and (d) a possible
mechanism for the sheet ejection.
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IV. CONCLUSIONS
We studied ion and electron heating characteristics of
magnetic reconnection under high toroidal guide field,
mainly using the TS-3 and MAST merging experiments.
Both experiments agree that the reconnection heats ions in
the downstream and electrons at the X-point. Their electron
density measurements clearly indicate formation of shock-
like plasma pileup in the downstream as a thermalization
process of reconnection outflow. The internal probe meas-
urements of TS-3 confirmed that the reconnection outflow
accelerates plasma ions to the order of the poloidal Alfven
speed and dumps at the shock-like plasma pileup. At the
shock front positions, the jump of magnetic field, electron
density and plasma velocity almost satisfy the Rankine-
Hugoniot relation. Both of TS-3 and MAST results agree
that the ion heating energy scales with square of the recon-
necting magnetic field Brec due to the outflow acceleration of
ions to the order of the poloidal Alfven speed. On the other
hand, the electron temperature peaks at X-point probably
due to the ohmic heating effect of the sheet current. The bulk
heating of ions and electrons do not depend on the guide
field, while the electron heating localized at the X-point
increases with the guide field. Both experiments agree that
the magnetic reconnection transforms 90% of the dissipated
magnetic energy into ion thermal energy and 10% into elec-
tron thermal energy. The promising Brec
2 scaling of recon-
nection heating lead us to the present UK-Japan joint
reconnection heating experiment of MAST in order to docu-
ment a new ST startup with ion heating over 1 keV. We,
Japan-UK merging team are now planning to produce two
merging STs with Brec> 0.4 T to heat ions over 5 keV
(alpha-heating region) without using any additional heating
facility.
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